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Open aSummary
Nasal mucociliary system is the first line of defense of the upper airways and may be affected
acutely by exposure to particulate matter (PM) from biomass burning. Several epidemiologic
studies have demonstrated a consistent association between levels of air pollution from biomass
burningwith increases in hospitalization for respiratory diseases andmortality. To determine the
acute effects of exposure to particulate matter from biomass burning in nasal mucociliary trans-
port by saccharin transit time (STT) test, we studied thirty-three non-smokers and twelve light
smokers sugarcane cutters in two periods: pre-harvest season and 4 h after harvest at the first
day after biomass burning. Lung function, exhaled carbonmonoxide (CO), nasal symptoms ques-
tionnaire and mucociliary clearance (MC) were assessed. Exhaled CO was increased in smokers
compared to non-smokers but did not change significantly after harvest. In contrast, STT was
similar between smokers and non-smokers and decreased significantly after harvest in both
groups (p < 0.001). Exposure to PM from biomass burning did not influence nasal symptoms.
Our results suggest that acute exposure to particulatematter from sugarcane burned affectsmu-
cociliary clearance in smokers and non-smokers workers in the absence of symptoms.
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polarography using a polarograph 797 VA ComputraceNasal mucociliary system is the first line of defense of the
upper airways and it’s responsible for the clearance of
inhaled particles, including particulate matter (PM).1 In
epidemiological studies an association of airborne PM
concentration and human nasal diseases has been repor-
ted.2 The nasal epithelium is similar to the respiratory
epithelium in lower airway, and is an important tool to
assess pathophysiologic mechanisms in the respiratory
tract.3
The inflammatory response induced by inhalation of air
pollutant particles is associated with up regulation of
various pro-inflammatory cytokines and chemokines which
could affect the ciliary beating.4
Sugar cane-burning emissions cause damage to the
respiratory system leading to an increase in hospitalization
for respiratory disease mainly in children and the elderly.5
Releases into the atmosphere large quantities of PM,
carbon monoxide, ozone and other gases exposing millions
people every year in Brazil.6
However, the most exposed people are the sugarcane
cutters and no previous reports studied respiratory effects
of PM in these individuals at the field planting. Acute
exposure to concentrations of PM in areas of agglomeration
may affect functions such as MC and worsen nasal symp-
toms.7 The purpose of this study was to evaluate the effects
of acute exposure to PM from the sugarcane burning in the
MC of sugarcane cutters.Figure 1 Nasal mucociliary clearance increased significantly
after harvest in smokers and non-smokers (p < 0.001). Data are
presented as marginal mean.Methods
Forty-five sugarcane cutters, men, thirty-three non-smokers,
(mean age 26  5 years) workers in a Sugar and Ethanol
Company located in western state of Sao Paulo, Brazil, in
April/2010 were included at random in this study. Each
subject gave their informed written consent according to the
Declaration of Helsinki and the study was approved by the
Ethical Committee of Faculty of Science and Technology,
University of State University of Sao Paulo, Brazil (No.15/
2010).
The individuals included in this study had no history of
nasal surgery or trauma, lung diseases, nasal septal devia-
tion or recent episodes of upper airway infection. The study
was carried out in the field of sugarcane planting at pre-
harvest (seven days before harvest) during the manual
planting season and 4 h after harvest at the first day after
biomass burning. Lung function, exhaled carbon monoxide
(CO), nasal symptoms questionnaire and STT test for
measuring nasal MC was performed in two periods.
The spirometry was performed according to the guide-
lines of the American Thoracic Society and European
Respiratory Society8 using a portatle spirometer Spirobank-
MIR (version 3.6., MIR, Italy) reference values were specific
for the Brazilian population.9 Exhaled CO was measured
using CO analyzer (MicroCO Meter, Cardinal Health, U.K),
and the results were expressed as ppm.10 The questionnaire
to assess nasal symptoms and STT test has been previously
published.11,12 The determination of toxic metals as
cadmium (Cd2þ), copper (Cu2þ) and lead (Pb2þ) frompassive PM sampler were performed by differential pulse
(Metrohm).
Statistical analysis was performed using the R statistical
software (version 2.13.0; R. Foundation for Statistical
Computing). Analysis of variance (ANOVA) was used to
investigate the differences between smokers and non-
smokers at baseline and after exposure to biomass
burning. For association analysis in the qualitative variables
was used the Goodman test. Our results were presented as
mean  standard deviation. Statistical significance was
determined at 5%.Results
Thirty-three non-smokers (BMI 24  3 kg/m2 and FEV1/CVF
98  7% of predicted) and twelve smokers (BMI 26  5 kg/
m2 and FEV1/CVF 99  8% of predicted) classified as light
smoker (cigarettes/day 7  6 and pack-years index 4  3)
were enrolled in this study. Exhaled CO was increased in
smokers compared to non-smokers but did not change
significantly after harvest (from 7  5 to 6  4 ppm in
smokers and from 1.4  0.9 to 1  0.9 ppm in non-smokers,
respectively). In contrast, STTwas similar between smokers
and non-smokers and decreased significantly after harvest
in both groups (from 8.5  3.5 and 7.3  3.2 before harvest
to 3.1  1.3 and 4.4  2.9 min after harvest in smokers and
non-smokers, respectively, Fig. 1, p < 0.001). None of the
individuals experienced nasal symptoms after harvest. The
concentration of toxic metals Cd2þ, Cu2þ and Pb2þ were
4.8 ppm, 6.18 ppm and 4.7 ppm, respectively. Among the
toxic metals studied, copper was predominant while the
lead presented the lowest concentration. The low
concentrations observed are attributed to the washout
(precipitation) phenomenon that may be defined as the
effectiveness of precipitation in removing pollutants from
the atmosphere.13 These metals have the characteristics to
accumulate in tissues and their main route of deposition is
through the respiratory system.
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In this study the acute exposure to PM during the sugarcane
harvest increased the MC, but does not affected the nasal
symptoms experienced by the workers. MC represents
a major defense mechanism of nasal and bronchial epithe-
lium and it’s of central importance to clear inhaled particles
from the airways.1 The STT test used in this study has been
shown to be reproducible, simple, cheap, and effective
method to assessing MC and its role is widely accepted.11
In the present study, the exposure to PM from biomass
burning decreased STT significantly, suggesting a compen-
satory activation of the MC system in smokers and non-
smokers workers. Interestingly, in this study the MC at pre-
harvest and after acute exposure were similar between
smokers and non-smokers, probably this occurred because
the smokers were classified as light smokers.14 This acute
effect on MC has been described earlier after exposure to
dust7 and cigarette smoke14 however no previous reports
studied respiratory effects of PM from biomass burning in
sugarcane cutters at the field planting. Acute exposure to
PM has been associated with enhanced production of
reactive oxidative stress and nitric oxide by inflammatory
cells which stimulates ciliary beat frequency (CBF).15 The
stimulation on MC in the present study is probably due to
the increase in CBF. Dysfunction of the mucus transport
system has been observed after chronic exposure of air
pollution constituents and is associated with an increased
risk to acquire airway infections.5 We did not investigate
the time course of these effects, and the acute increase in
MC may be lost with repeated exposures.
We conclude that the acute exposure to PM from
sugarcane burned affects MC in smokers and non-smokers
workers in the absence of symptoms.
Conflict of interest statement
The authors declare that there are no current or potential
conflicts of interest.
Acknowledgments
This work was supported by Fundac¸a˜o de Amparo a` Pesquisa
do Estado de Sa˜o Paulo (FAPESP) and National Institute for
Integrated Analysis of Environmental Risk (INAIRA/CNPq).References
1. Houtmeyers E, Gosselink R, Gayan-Ramirez G, Decramer M.
Regulation of mucociliary clearance in health and disease. Eur
Respir J 1999;13:1177e88.
2. Riechelmann H. The nose versus the environment: 1982 and
today. Am J Rhinology 2000;14(5):291e7.
3. Persson CG, Svensson C, Greiff L, Anderson M, Wollmer P, et al.
The use of the nose to study the inflammatory response of the
respiratory tract. Thorax 1992;47(12):993e1000.
4. Seagrave J. Mechanisms and implications of air pollution
particle associations with chemokines. Toxicol Appl Pharmacol
2008;232(3):469e77.
5. Canc¸ado JED, Saldiva PHN, Pereira LAA, Lara LBLS, Artaxo P,
Martinelli LA, et al. The impact of sugar caneeburning emis-
sions on the respiratory system of children and the elderly.
Environ Health Perspect 2006;114(5):725e9.
6. Allen AG, Cardoso AA, Rocha GO. Influence of sugar cane
burning on aerosol soluble ion composition in Southeastern
Brazil. Atmos Environ 2004;38:5025e38.
7. Riechelmann H, Rettinger G, Weschta M, Keck T, Deutschle T.
Effects of low-toxicity particulate matter on human nasal
function. J Occup Environ Med 2003;45(1):54e60.
8. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, et al. Standardisation of spirometry. Eur Respir J
2005;26(2):319e38.
9. Rubin AS, Cavalazzi AC, Viegas CAA, Pereira CAC, Nakaie CMA,
Valle ELT, et al. Diretrizes para testes de func¸a˜o pulmonar. J
Bras Pneumol 2002;28(3):1e82.
10. Jarvis M, Belcher M, Vessey C, et al. Low cost carbon
monoxide monitors in smoking assessment. Thorax 1986;
4(11):886e7.
11. Brander PE, Soirinsuo M, Lohela P. Nasopharyngeal symptoms in
patients with obstructive sleep apnea syndrome. Effect of
nasal CPAP treatment. Respiration 1999;66:128e35.
12. Salah B, Dinh Xuan AT, Fouilladieu JL, Lockhart A, Regnard J.
Nasal mucociliary transport in healthy subjects is slower when
breathing dry air. Eur Respir J 1988;1(9):852e5.
13. Yue Q, Zhang K, Zhang BZ, Li SM, Zeng EY. Occurrence, phase
distribution and depositional intensity of dichlorodiphenyltri-
chloroethane (DDT) and its metabolites in air and precipitation
of the Pearl River Delta, China. Chemosphere 2011;84(4):
446e51.
14. Trosclair A, Dube SR. Smoking among adults reporting lifetime
depression, anxiety, anxiety with depression, and major
depressive episode, United States, 2005e2006. Addict Behav-
iors 2010;35:438e43.
15. Jiao J, Han D, Meng N, Jin S, Zhang L. Regulation of tracheal
ciliary beat frequency by nitric oxide synthase substrate L-
arginine. J Otorhinolaryngol Relat Spec 2010;72(1):6e11.
